In this article, we take the point of view that the X(1835) be a baryonium state and calculate its mass within the framework of the QCD sum rules approach. The numerical values for the X(1835) are consistent with the experimental data. There must be some baryonium component in the X(1835) state.
Introduction
In 2003, the BES collaboration observed a significant narrow near-threshold enhancement in the proton-antiproton (pp) invariant mass spectrum from the radiative decay J/ψ → γpp [1] . The enhancement can be fitted with either an S-or P-wave Breit-Wigner resonance function. In the case of the S-wave fitted form, M = 1859 +3 −10 +5 −25 MeV and Γ < 30MeV . Recently the BES collaboration observed a resonant state X(1835) in the η ′ ππ invariant mass spectrum in the process
, with the Breit-Wigner mass M = (1833.7 ± 6.2 ± 2.7)MeV and width Γ = (67.7 ± 20.3 ± 7.7)MeV . Many theoretical works were stimulated to interpret the nature and underlying quark-gluon structures of the new particle, for example, pp bound state, pseudoscalar glue-ball, etc [3] .
In this article, we take the point of view that the X(1835) be a baryonium with quantum numbers J P C = 0 −+ , and calculate its mass in the framework of the QCD sum rules approach [4] .
The article is arranged as follows: we derive the QCD sum rules for the mass M X of the X(1835) in section II; in section III, numerical results; section VI is reserved for conclusion.
QCD sum rules for the X(1835)
In the following, we write down the two-point correlation function Π(q 2 ) in the framework of the QCD sum rules approach,
Here the i, j, k, l, m, n are color indexes, the C is charge conjunction matrix, the α, β are Lorentz indexes. We take the pseudoscalar proton-antiproton type interpolating current J 5 (x) to represent the X(1835). According to the basic assumption of current-hadron duality in the QCD sum rules approach [4] , we insert a complete series of intermediate states satisfying the unitarity principle with the same quantum numbers as the current operator J 5 (0) into the correlation function in Eq. (1) to obtain the hadronic representation. After isolating the pole terms of the lowest X(1835) state, we obtain the following result,
We perform operator product expansion up to vacuum condensates of dimension-12 to obtain the correlation function Π(q 2 ) at the level of quark-gluon degrees of freedom. Once the analytical results are obtained, then we can take the currenthadron dualities below the thresholds s 0 and perform the Borel transformation with respect to the variable Q 2 = −q 2 , finally we obtain the following sum rule, 
Differentiate the above sum rule with respect to the variable
, then eliminate the quantity λ X , we obtain 
It is easy to integrate over the variable s, we prefer this formulation for simplicity.
Numerical results
In calculation, the parameters are taken as ūu = d d == (−240 ± 10MeV ) are neglected due to their small contributions, in the QCD sum rules with the interpolating currents constructed from the multi-quark configurations, the main contributions come from the condensate termsor ss [5, 6] . The threshold parameter s 0 is taken to vary between s 0 = {(2.1 − 2.4)GeV } 2 , it is a reasonable region for the Breit-Wigner mass M = (1833.7 ± 6.2 ± 2.7)MeV and width Γ = (67.7 ± 20.3 ± 7.7)MeV . In the QCD sum rules for the multi-quark states, the spectral density ρ(s) ∼ s m with m larger than the corresponding ones in the sum rules for the conventional hadrons, larger m means stronger dependence on the continuum or the threshold parameter s 0 [7] . Due to the huge continuum contributions, the predicted mass increases with the continuum threshold s 0 , the QCD sum rules cannot strictly indicate the existence of the resonance in the spectral function, the threshold parameter s 0 has to be fixed ad hoc or intuitively. From the Fig.1 , we can see that although the predicated masses M X are almost independent on the Borel parameter M 
Conclusion
In this article, we take the point of view that the X(1835) be a baryonium state and calculate its mass within the framework of the QCD sum rule approach. The numerical values for the X(1835) are consistent with the experimental data. There must be some baryonium component in the X(1835) state.
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